Some of the first signals that initiate programmed cell death (apoptosis) are mediated by specific receptors on the cell surface. Fas (also designated as CD95 or APO-1), which is a 45-kDa protein that belongs to the tumor necrosis factor (TNF) receptor superfamily and has one transmembrane domain, has been identified as the molecule that transduces the apoptosis induction signal intracellularly (Yonehara et al., 1989; Itoh et al., 1991) . Fas ligand (FasL or CD95L) is a 40-kDa protein that belongs to the TNF superfamily. Cells that express FasL interact directly with cells expressing Fas, and FasL acts as an apoptosis inducer through Fas molecules. Expression of the Fas molecule is detected in various organs, with marked expression on activated mature T and B cells and liver cells. FasL is expressed on activated mature T cells, and also in the testis. The Fas and FasL system is one of the major pathways of the induction of apoptosis, and defects of this system result in autoimmune disease, as has been shown by analyses of lpr and gld mice (Watanabe-Fukunaga et al., 1992; Takahashi et al., 1994) . Swine Fas and FasL cDNAs were previously cloned, and their function has been intensively analyzed (Muneta et al., 2001) . Genetic modification of Fas or FasL in swine will yield clues about the mechanism of autoimmune diseases like SLE, and aid the development of methods for the regulation of rejection of donor organs in xenotransplantation. Here we report the locations of Fas and FasL genes (designated TNFRSF6 and TNFSF6, respectively) on swine chromosomes by FISH analysis. We also confirmed these locations by radiation hybrid mapping.
Rationale and significance
Some of the first signals that initiate programmed cell death (apoptosis) are mediated by specific receptors on the cell surface. Fas (also designated as CD95 or APO-1), which is a 45-kDa protein that belongs to the tumor necrosis factor (TNF) receptor superfamily and has one transmembrane domain, has been identified as the molecule that transduces the apoptosis induction signal intracellularly (Yonehara et al., 1989; Itoh et al., 1991) . Fas ligand (FasL or CD95L) is a 40-kDa protein that belongs to the TNF superfamily. Cells that express FasL interact directly with cells expressing Fas, and FasL acts as an apoptosis inducer through Fas molecules. Expression of the Fas molecule is detected in various organs, with marked expression on activated mature T and B cells and liver cells. FasL is expressed on activated mature T cells, and also in the testis. The Fas and FasL system is one of the major pathways of the induction of apoptosis, and defects of this system result in autoimmune disease, as has been shown by analyses of lpr and gld mice (Watanabe-Fukunaga et al., 1992; Takahashi et al., 1994) . Swine Fas and FasL cDNAs were previously cloned, and their function has been intensively analyzed (Muneta et al., 2001) . Genetic modification of Fas or FasL in swine will yield clues about the mechanism of autoimmune diseases like SLE, and aid the development of methods for the regulation of rejection of donor organs in xenotransplantation. Here we report the locations of Fas and FasL genes (designated TNFRSF6 and TNFSF6, respectively) on swine chromosomes by FISH analysis. We also confirmed these locations by radiation hybrid mapping.
Materials and methods

Isolation of swine TNFRSF6 and TNFSF6 from a BAC library
A swine BAC library used for this mapping was provided by DNA Bank of National Institute of Agrobiological Sciences and STAFF-Institute (Tsukuba, Japan). BAC clones containing TNFRSF6 and TNFSF6 were isolated by PCR screening as described previously (Suzuki et al., 2000) . Screening primers were constructed from swine cDNA sequences registered in DDBJ/ GenBank/EMBL (TNFRSF6: AJ001202; TNFSF6: AB027297). The primers used for screening TNFRSF6 were 5)-TGTTTCTGCTGCTCCACAAT-3) (forward) and 5)-TTCCACCAACGGTAGCTCTT-3) (reverse), and those for TNFSF6 were 5)-CCCATACCCCCAAATCTTCT-3) (forward) and 5)-GGTCTTGATGGCAGGAGTGT-3) (reverse). PCR amplification was performed using 25 ng of swine genomic DNA or DNA of BAC clones containing TNFRSF6 and TNFSF6. The PCR procedure was as follows. After an initial denaturation and enzyme activation step at 95°C for 9 min, 40 cycles of denaturation at 95°C for 30 s, annealing at 55°C for 30 s and extension at 72°C for 30 s were performed. The resulting PCR fragments were sequenced bi-directionally to confirm that the correct clones were isolated. The sequences derived from the isolated BAC clones were exactly the same as those derived from swine genomic DNA and those registered in the database.
Fluorescence in situ hybridization (FISH)
FISH was performed as described previously (Viegas-Pequignot et al., 1989; Uenishi et al., 2001 ) using swine metaphase chromosomes labeled with 5-BrdU prepared from peripheral lymphocytes derived from a 2-month-old Landrace boar. Each FISH procedure was performed with probes of 250 ng of biotin-labeled BAC clone DNA isolated as described. Detection of the hybridized BAC probes was performed using the FITC-avidin system and propidium iodide counterstaining. The hybridization signals visualized under B2 excitation were captured with a cooled CCD camera (HAMAMATSU Photonics Inc., Hamamatsu, Japan), and the R-band patterns under G excitation were superimposed on the images of the hybridization signals. 2 . Radiation hybrid (RH) maps around TNFRSF6 (a) and TNFSF6 (b) on swine chromosome 14 and 9, respectively. The RH maps shown in this figure were extracted around TNFRSF6 or TNFSF6 from the map for whole chromosomes. The marker intervals are based on the IMpRH framework map (http://imprh.toulouse.inra.fr). Swine chromosome ideograms are shown beside the RH map. The correlation of the locations of TNFRSF6, TNFSF6 and the markers that are nearest to TNFRSF6 and TNFSF6 among those already mapped in both the cytogenetic map and the IMpRH map (SW2593 and SW2515 for TNFRSF6 and S0095 and SW1651 for TNFSF6 [Ellegren, 1993; Rohrer et al., 1996; Lopez-Corrales et al., 1999] ) between the RH map and the cytogenetic map was also indicated in this figure to support the correctness of the location mapped based on our results.
Radiation hybrid panel analysis
A radiation hybrid panel of the porcine whole genome (IMpRH) (Yerle et al., 1998) was also used for mapping of swine TNFRSF6 and TNFSF6. Primers and PCR conditions for radiation hybrid mapping were the same as those used for screening of the BAC clones. The locations of TNFRSF6 and TNFSF6 within the IMpRH map were determined using the IMpRH server (http://imprh.toulouse.inra.fr). 
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